


Electronics 1 assignment

Introduction
This report covers the topic of a 4-way traffic light control system that used a PIC16f877a microcontroller to control each part of the system.  There were 4 identical parts of the system that each contained two 7 segment displays which were used to count from 1-50 which is the total time that the circuit took to complete one full cycle through all of the traffic lights. Each part of the system also contained 3 LEDs that were used as the traffic lights as the colours of LEDs was Green, Red and yellow. There was also a pedestrian crossing light at each of the 4 parts which also had a green and red LED and would always turn green at the 40th second until the 50th second in the loop after which it would reset back to the start and turn red again.
The program for this circuit was written in C using the MIKROC PRO for PIC programming software. The purpose of the program was to ensure that all traffic lights in the system would work together in order to create a smooth traffic flow for the 4-way system. The program was also able to use the 7 segment displays to count from 1-50 which followed the flow of the traffic lights. At the 40second mark is when the pedestrian crossing lights turned from red to green and at the same time all of the traffic lights were programmed to switch to red.  In order to achieve this an OR gate was used in the circuit at each of the traffic light modules which allowed more than one input to go into the same LED because in testing it was found that using a pin matrix for the lights wouldn’t allow all of them to turn red when the pedestrian crossing was green. 
To be able to connect all 8 7 segment displays as well as all 4 sets of traffic lights and pedestrian crossing lights a pin matrix had to be used. This meant that multiple lights could be turned either green, yellow or red using the same pin which reduced the number of pins that were necessary. The same was done for the 7 segment displays as they all showed the same value so could also share the same pins.

Background research
In the modern-day traffic lights are used all over the world and are a key part of the travel industry as they ensure a safe and organized traffic flow for all road users. There are multiple types of traffic systems which are [1]” Fixed-time traffic signals, actuated traffic signals, pre-timed traffic signals and adaptive traffics signals.” These are just some of the most common traffic signals that are used in the modern era some being more advanced than others. The most basic of these types of traffic signals is the fixed time which will always have the same time intervals as they are programmed into the system as pre-determined values.  Similarly Pre-timed traffic lights also have their signals set to specific time intervals however they can be programmed so that depending on the time of day they can have different timings to be more convenient to road users. More modern traffic systems adapt to the traffic flow which is done in various ways. One way that this is achieved is by using an actuated traffic signal which uses sensors to detect how much traffic is on the road and then changes timings accordingly. But [2] “actuated signals are not preferable because they require more maintenance, and they can cause unnecessary delays and are less predictable than fixed signals.”  There are multiple different ways that vehicles can be detected for actuated signals of which the most commonly used ones are cameras and induction loops which are embedded into the road. [3] “Induction loops were first introduced in the 1960s and are the most used sensor in traffic systems.” Induction loops work by having the inductance decrease which works because a when a car passes over the inductive loop eddy current is induced into the into the loop which causes the inductance to decrease. This change is then read by a relay which tells a controller that a car has passed over the loop. If cameras are used to control traffic they are [4] “connected to a central network and they send their images to the control centre where they can be monitored” which helps improve the traffic flow. More advanced cameras use an algorithm to detect how many vehicles pass meaning that they can be integrated into the same system as the traffic lights.
There are 2 types of 7 segment display common anode and common cathode which are similar to one another but have small differences in how they work. Common cathode displays have a common ground which needs to be connected in order for the screen to work. Then each individual segment has to pulled high so that it lights up. On the other hand, common anode has a common power pin which needs to pulled high before any of the segments can illuminate and if the common pin is high then if any of the inputs for the individual segments is low then they will light up. The values that need to be used to output numbers on the displays when coding also changes depending on if the display is common anode or cathode.
There are multiple types of microcontrollers that could be used for a traffic system but for this project a PIC microcontroller was chosen. There are also multiple PIC microcontrollers that could have worked for this project, but the best option was either a PIC16 or PIC18 series. The first requirement for the microcontroller was the number of pins that were necessary for the system. For this system a PIC with 40 pins would be needed as most of the pins are going to be utilized so a PIC with 28 pins wouldn’t have worked. The specific PIC that was chosen was a PIC16F877A because [5] “it is easy to program and is one of the simple PIC microcontrollers.” This means that it is perfect for a traffic light system as it doesn’t need to be very complex and using a more complex microcontroller wouldn’t be necessary and could lead to the system being more complex than is needed. 



Circuit design
The Circuit for the traffic light control system is very simple and doesn’t include many complex components. The microcontroller that was used in the circuit was a PIC16f877A which was chosen because it had the correct number of pins that were necessary to connect all of the traffic lights as well as the 7 segment displays. The other components that were used in the circuit were Green, red and yellow LEDs which were used as the lights in the traffic lights as well as the pedestrian crossings. In order to get the full system working as intended, an OR gate needed to be added to each traffic light circuit specifically on the red LED. The OR gate was added to allow multiple outputs of the microcontroller to power the same LED which was necessary to turn all of the lights red when the pedestrian crossing was green which wasn’t possible without the OR gate because of the way that the pin matrix was configured. There are two types of 7 segment display that could have been used which are [6] “common anode displays, and common cathode displays.” The type that was used was a common anode display which has all of its individual segments connected to logic level 1 which means that the common anode pin should be pulled high and then if a pin on the display is pulled low then the corresponding segment will light up.
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Figure 1
Figure 1 shows the circuit at 0 seconds.
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Figure 2
Figure 2 shows that the lights at 10 seconds into the loop which have changed from when the loop first started.
[image: ]
Figure 3
Figure 3 show the traffic lights at 20 seconds into the loop which are different from the lights at 10 seconds as shown in figure 2.
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Figure 4
Figure 3 shows that at 40 seconds all of the traffic lights turn red, and the pedestrian crossing lights turn green.












Pseudocode
1. Assigned pins
2. Count Variable
3. Values for 7 segment display numbers
4. Main program
5. Set all ports to output
6. Main loop
7. Increment count variable from 0-9(1 second intervals)
8. Display value of count on 7 segment display
9. Set light 1 to yellow
10. Set light 2 to red
11. Set pedestrian crossing to red
12. Increment count variable from 10-19(1 second intervals)
13. Display 1 on 7 segment display
14. Display count on 7 segment display
15. Set light 1 to green
16. Set light 2 to yellow
17. Increment count variable from 20-29(1 second intervals)
18. Display 2 on 7 segment display
19. Display count on 7 segment display
20. Set light 1 to yellow
21. Set light 2 to Green
22. Increment count variable from 30-39(1 second intervals)
23. Display 3 on 7 segment display
24. Display count on 7 segment display
25. Set light 1 to red
26. Set light 2 to yellow
27. Increment count variable from 40-49(1 second intervals)
28. Display 4 on 7 segment display
29. Display count on 7 segment display
30. Set all lights to red
31. Set pedestrian light to green
32. End of program




Flow chart 
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Testing
The first step that was needed in order to ensure that the system would work as intended was to select the correct components for the circuit. The first component that was chosen was the PIC microcontroller. The PIC that was chosen was a PIC16f877A because it had enough pins so that 4 traffic lights as well as 8 7-segment displays could be connected. Once the microcontroller was chosen a simple program was put onto the chip to test that it would work. This was done using MIKROC for the program and Proteus for the circuit simulation. It was then realized that a pin matrix would have to be used because otherwise two microcontrollers would have to be used due to a lack of pins on a single chip. To do this one pin from the microcontroller would power more than one LED each. For example, two traffic lights could be yellow at the same time so you could use the same pin for both. The circuit is also set up so that one light turns red and another turn green using the same pin on the PIC. This means that multiple PICs wouldn’t have to be used to create the full system. However, when testing using this method not all of the lights could be turned to red when the pedestrian crossing is green. So, OR gates were used for the red LEDs with a new input coming from a different pin on the PIC from the original pins that were used. This meant that all of the lights could be turned to red when the pedestrian crossing is green. The next thing that was tested was the 7 segment displays which all used the same count timings. This was done by using a common anode 7 segment display and then using the correct hex values in order to display certain numbers which were all put into the LEDCOUNT variable at the top of the program. This then allowed the set number to be displayed on the 7 segment displays. The values stored in the variable at the top were used for the first number of the display but for the second number of the display the value of the variable count was used which is also the count variable so as the program counted up for each stage of the traffic lights the variable value would be displayed on the displays.










Program screenshots
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Conclusion
Overall, the traffic light system that was designed filled the criteria that was set which was that it needed to have a smooth traffic flow by having each of the traffic lights change every 10 seconds. There also needed to be a light for a pedestrian crossing that turned green between the 40-50th second in the loop at which time all of the traffic lights for vehicles would turn red. There were also two 7 segment displays for each set of traffic lights that would display where in the loop the system is which was between 1-50. For the first 40 seconds of the loop the traffic lights would cycle through in 10 second intervals and for the last 10 seconds after the 40 seconds point in the loop are reserved for a pedestrian crossing which is when the traffic lights would all turn red and when the pedestrian crossing turned green.
 All of these tasks were completed using the proteus software for the simulation of the circuit which gave a good visual representation of what the circuit would function like. It also helped to find errors in the code as you would be able to visually see if the system was working incorrectly. The program was written in the C programming language using the MIKROC for PIC suite which was chosen as it works well with PIC microcontrollers. The MIKROC software also made finding any errors easy because it would not compile the code if it detected a major error that wouldn’t have made the system function correctly.
Although the system works it could be improved by using sensors to detect how much traffic is on the road or if a pedestrian is at the crossing, so the flow of traffic is interrupted less because the pedestrian crossing still turns green even if there is nobody there which causes an interruption in the traffic flow. More than one microcontroller could also be used to improve traffic flow as then more pins could be used to have more precise timings for the traffic lights.
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For 10 seconds
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//variables

sbit
sbit
sbit
sbit
sbit
sbit
sbit
sbit
sbit

LED_RED1ightl at RBO_bit;

LED_Yellowlight2 at RB4_bit
LED_Greenlight2 at RBS_bit;
LED PedestrianRed at RB6_bi

//set pin BO as redlighti
LED_Yellowlightl at RB1_bit; //set pin B1
LED_Greenlightl at RB2_bit; //set pin B2
LED_RED1ight2 at RB3_bit.

//set pin B3 as
//set pin B4

LED_PedestrianGREEN at RB7_bit; //set pin

LED redall at REQ_bi

int counter;

unsigned int LEDCOUNTER [10]={0xCO,O0xFS,O0xAd,0xB0,0x99, 0x92, 0x82, 0XFS, 0x80, 0X90} ;

//for count 00 -09

for (counter:

counter<l

as yellovlighti
as greenlignti
redligntz

as yellovlightz

//set pin BS as greenlightz
//s=t pin B as pedestrianRed

B7 as Pedestriangreen

//set pin EO as redall

//counter

//main program

//allov port
//set port b
//allov port
//set port ¢
//allov port
//set port d
//allov port
//set port

//main loop

counters+)

b to be input or output
as output
© to be input or output
as output
d to be input or output
as output
 to be input or output
as output

//set counter to 0 then if counter<i0 then add to count

varisble

//values to display numbers of 7 segment
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//for count 00 -09
for (counter=0; counter<10; counter++)
i
porte = 0xco;
portd = LEDCOUNTER[counter]:

//stept
//tratric lignt 1
LED_Redlightl = 0;
LED_Yellowlightl
LED Greenlightl
LED_redall

//tratric lignt 2
LED_Redlight2 = 1;

LED_Yellowlight2 = 0;
LED Greenligntz
LED_PedestrianRED = 1,
LED_redall

//set counter to 0 then if counter<i0 then add to count
//output 0 onto 7 segment displays

//output value of counter onto 7 jsegment displays

//Turn light yellow

//Turn light red and pedstrian crossing red

delay ms(1000); //1 second delay

//for count 10 - 19
for (counter=0; counter<10; counter++)
i

portc = 0xFs;

portd = LEDCOUNTER [counter]:

//step 2
//tratric lignt 1
LED_Redlightl = 0,
LED_Yellowlightl
LED Greenlightl
LED_redall

//set counter to 0 then if counterdio then add to count

//output 1 onto 7 segment displays
//output value of counter onto 7 segment displays

//Turn light green and pedstrian crossing red
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//for count 10 - 1.

for (counter=0; counter<10; counter++) //set counter to 0 then if counterd10 then add to count
i
portc = 0xFs; //output 1 onto 7 segment displays
portd = LEDCOUNTER [counter]; //output value of counter onto 7 segment displays
//step 2
//tratfic lignt 1 //Turn light green and pedstrian crossing red

LED_Redlightl
LED_Yellowlightl = 0
LED Greenlightl = 1;
LED_redall
//tratric lignt 2 //Turn light red and pedstrian crossing red
LED_Redlightz
LED_Yellowlight2
LED Greenligntz
LED_PedestrianRED
LED_redall

delay ms(1000); //1 second delay

//for 20 - 29

for (counter=0; counter<10; counter++) //set counter to 0 then if counter<10 then add to count
portc = 0xhs; //output 2 onto 7 segment displays

portd = LEDCOUNTER [counter]; //output value of counter onto 7 segment displays

//step 3

//tratfic lignt 1 //Turn light yellow and pedstrian crossing red

LED_Redlightl
LED_Yellowlightl = 1
LED_Greenlightl = 0;
LED_redall

//tratric lignt 2 //Turn light green and pedstrian crossing red
LED_Redlightz
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//for 20 - 29
for (counter:

;counter<10; counter++) //set counter to 0 then if counter<10 then add to count

portc = 0xhs; //output 2 onto 7 segment displays
portd = LEDCOUNTER [counter //output value of counter onto 7 segment displays

//step 3
//tratfic lignt 1 //Turn light yellow and pedstrian crossing red
LED_Redlightl = 0;
LED_Yellowlightl
LED Greenlightl
LED_redall
//tratric lignt 2 //Turn light green and pedstrian crossing red
LED_Redlight2 = 0;
LED_Yellowlight2
LED Greenlightz =
LED_PedestrianRED

LED_redall
delay ms(1000); //1 second delay

//for 30-39

for (counter=0; counter<10; counter++) //set counter to 0 then if counter<i0 then add to count
i

portc = 0xB0; //output 3 onto 7 segment displays

portd = LEDCOUNTER [counter]; //output value of counter onto 7 segment displays

//step 4

//tratric lignt 1
LED_Redlightl = 1;
LED_Yellowlightl
LED Greenlightl
LED_redall

J/traffic light 2
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//for 30-39

for (counter=0; counter<10; counter++) //set counter to 0 then if counter<i0 then add to count
i

portc = 0xB0; //output 3 onto 7 segment displays

portd = LEDCOUNTER [counter]; //output value of counter onto 7 segment displays

//step 4
//tratric lignt 1
LED_Redlightl = 1;
LED_Yellowlightl = 0
LED Greenlightl
LED redall =0;
//tratric lignt 2
LED_Redlight2 = 0;
LED_Yellowlight2 = 1
LED Greenlightz =
LED_PedestrianRED
LED_redall

delay ms(1000); //1 second delay
3

//for 40 —49
for (counter:
i

//set counter to 0 then if counter<i0 then add to count

portc = 0xs9; //output 4 onto 7 segment displays
portd = LEDCOUNTER [counter]; //output value of counter onto 7 segment displays

//811 lights red

//step 5

//bratfic lignt 1
LED_Redlightl = 0;

LED_Yellowlightl = 0
LED Greenlightl =
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//for 40 -43
for (counter:
i

;counter<10; counter++)

portc = 0xs9;
portd = LEDCOUNTER [counter]:
//811 lights red
//step 5
//bratfic lignt 1
LED_Redlightl
LED_Yellowlightl
LED Greenlightl
LED_redall =1;
V/trafric lignt 2
LED_Redlightz
LED_Yellowlight2 = 0;
LED Greenlight2 = 0;
LED_PedestrianRED
LED_PedestrianGREEN
LED_redall =1;
delay ms(1000);
3

for (counter:
i

;countercl;counter++)

portc = 0xs2;
portd = LEDCOUNTER [counter]:
V/tratric lignt 1
LED_Redlightl
LED_Yellowlightl = 0;
LED Greenlightl = 0;
//trafric lignt 2
LED_redall
LED Redlightz
LED_Yellowlight2

//set counter to 0 then if counter<i0 then add to count

//output 4 onto 7 segment displays
//output value of counter onto 7 segment displays

//turn all lights to red

//turn pedestrian crossing green

//1 second delay

//set counter to 0 then if counter<i then add to count

//output 5 onto 7 segment displays

// turn off lights to red
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counter<l;counter++)

portc = 0xs2;
portd = LEDCOUNTER [counter
V/tratric lignt 1
LED_Redlightl = 0;
LED_Yellowlightl = 0;
LED Greenlightl
//trafric lignt 2
LED_redall
LED Redlightz
LED_Yellowlight2
LED Greenligntz
LED_PedestrianRED
LED_PedestrianGREEN
delay ms(1000);
3
Iwhile(1);

//set counter to 0 then if counter<i then add to count

//output 5 onto 7 segment displays

// turn off lights to red

//turn pedestrian crossing green
//1 second delay
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